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1
5-WIRE RESISTIVE TOUCH SCREEN
PRESSURE MEASUREMENT CIRCUIT AND
METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 12/657,046, filed on Jan. 13, 2010 (U.S. Pat. No.
8,269,745) which is incorporated herein by reference for all
purposes.

BACKGROUND OF THE INVENTION

The present invention relates generally to 5-wire touch
screens, and more particularly to systems and methods for
accurately determining touch pressure/force applied on
5-wire touch screens.

FIG. 1 shows an exploded isometric diagram of a conven-
tional 5-wire resistive touch screen 10 including a transparent
bottom layer 14, coated with resistive film 16 and four con-
ductive corner pads 15-1, 15-2, 15-3 and 15-4 that can be
connected to an outside contact terminal, and a top layer 12.
(The layers need to be transparent to allow display or LCD
(liquid crystal display) backlighting to pass through.) FIG. 2
shows a section view of an implementation of the assembled
version of the exploded view of touch screen 10 in FIG. 1,
wherein top layer 12 typically is formed of polyester or poly-
ethylene terephthalate (PET) and is coated underneath with
highly conductive (e.g., metal) transparent material to form
wiper layer 11 (also referred to simply as “wiper 11”).

Transparent bottom layer 14 also is formed of PET, coated
with transparent resistive film 16, which usually is ITO (in-
dium tin oxide).

Elastic and insulative spacers 22 separate top layer 12 from
bottom layer 14 so as to maintain a thin air gap 23 between
them. Spacers 22 are typically very thin, and are used to avoid
a large difference in the touch point contact resistance, which
is dependent on where the touch is located relative to the
locations of the spacers, and also to avoid substantial varia-
tion in the “feel” for various locations of the touch point
relative to the spacers.

Applying a touch pressure to the outer surface of top layer
12 pushes a small touch contact area of wiper 11 against
resistive ITO layer 16. When no touch pressure is present on
top layer 12, it is separated from the bottom resistive layer 14
by spacers 22 and air gap 23.

The pressure of a touch on the upper surface of touch
screen 10 typically is detected by a conventional 5-wire touch
screen controller that controls various drive signals applied to
the passive resistance of resistive layer 16 so as to facilitate
measurement of various voltages resulting from touching
various locations on the top surface of touch screen 10.

FIG. 3 shows an equivalent circuit of the idealized 5-wire
resistive touch screen 10 depicted in FIGS. 1 and 2. Trans-
parent resistive layer 16 of FIG. 2 is represented in FIG. 3 as
a rectangular grid of equivalent resistors having conductive
terminals UL, UR, LL, and LR on its upper left, upper right,
lower left, and lower right corners corresponding to conduc-
tive pads 15 -1, 15-2, 15-4, and 15-3, respectively, in FIG. 1.
Wiper layer 11 thus is directly over resistive layer 16 and is
connected to wiper contact terminal 35. Conductors or corner
terminals 15-1, 15-2, 15 -4, 15-3, and wiper contact terminal
35 are the 5 accessible conductors or “wires” of 5-wire touch
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screen 10. If corner terminals UL and LL are connected by a
conductor 27 and terminals UR and LR are connected by a
conductor 29 as indicated in the lower portion of FIG. 3, then
resistive layer 16 appears as a resistor connected between
conductors 27 and 29, as shown in the simplified equivalent
circuit representation in the lower portion of FIG. 3. Simi-
larly, if terminals UL and UR are connected together by
conductor 26 and terminals LL. and LR are connected
together by conductor 28, resistive layer 16 appear as a resis-
tor connected between conductors 26 and 28. A touch point
area 31 ontop conductive wiper 11 conducts touch pressure to
apoint or area 30 on the resistive grid when a touch is applied
on touch screen 10.

FIG. 4 shows an equivalent circuit similar to the equivalent
circuit shown in FIG. 3 but further including the “touch resis-
tance” 33 having a value R, of a touch between contact area
31 on wiper 11 and contact area 30 on ITO resistive layer 16.
Touch contact areas 30 and 31 are small contact areas that
occur as a result of touch pressure applied on top layer 12 that
presses small area 31 of wiper layer 11 against small area 30
ofresistive layer 16. Note that wiper layer 11 is assumed to be
of zero resistance in the equivalent circuit of FIG. 4.

Unfortunately, it is not presently practical to provide a
highly conductive (e.g., metal) contact wiper layer 11 that is
sufficiently transparent for the LCD backlighting applica-
tions in which touch screens often are utilized. The wiper
layer coat 11 on the lower surface of top layer 12 is presently
composed of nearly-transparent ITO resistive material, the
same as resistive layer 16 on the upper surface of bottom layer
14. As the result, the equivalent circuit of a practical 5-wire
touch screen 10 may be as shown in FIG. 5, where resistance
34 having a value R,,,,, represents the resistance of ITO
resistive wiper layer 11 between the touch area 31 and wiper
contact terminal 35.

Typically, each of the two ITO resistive layers 11 and 16 is
approximately 90% transparent. Therefore, the top and bot-
tom layers 12 and 14 together are 90%x90%=81% transpar-
ent, theoretically. This is very important, because lower trans-
parency of the touch screen causes more power to be
dissipated in the LCD backlighting circuitry in order to pro-
vide sufficient light intensity.

FIG. 6A is an equivalent circuit that is useful in explaining
the process of determining the y-coordinate of a touch on a
conventional 5-wire resistive touch screen. Measurement of
the y-coordinate includes applying a voltage V,, of voltage
source 38 between conductor 26, which is connected to ter-
minals UL (15-1) and UR (15-2), and conductor 28, which is
connected to terminals LI (15-4) and LR (15-3). Sensing the
y-coordinate location of the electrical contact at the touch
point (not shown) is accomplished through conductive termi-
nal 35 of wiper 11. Similarly, FIG. 6B is an equivalent circuit
useful in explaining the process of determining the x-coordi-
nate of a touch on the touch screen. Measurement of the
x-coordinate includes applying a voltage V ,,, between con-
ductor 29, which is connected to terminals LR and UR, and
conductor 27, which is connected to terminals UL and LL.
Sensing the location of the electrical contact at the touch point
is accomplished through conductive point 35 of wiper 11.

More specifically, the above-mentioned touch screen con-
troller to which touch screen 10 is coupled first applies the
screen driving voltage V,,, of voltage source 38 between
conductors 26 and 28, causing current to flow uniformly
across the screen from top to bottom in FIG. 6A. The y-co-
ordinate voltage V;-is read from contact terminal 35 of wiper
11, and is given by the expression
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Eq. 1

where the y-direction resistance R, between conductors 26
and 28 is aknown value that can be easily measured. R, is the
resistance between the touch point 30 and the negative (-)
terminal of voltage source 38. (R and R,, are illustrated in
FIG. 7A.)

Similarly, the touch screen controller applies the screen
driving voltage V , of voltage source 38 between conductors
29 and 27 in FIG. 6B, causing current to flow uniformly
across the screen from right to left. The x-coordinate voltage
V yis read from contact terminal 35 of wiper 11, and is given
by the expression

Eq. 2

where the x-direction resistance R between conductors 27
and 29 is a known value that can be easily measured. R ,, is the
resistance between the touch point 30 and the negative (-)
terminal of voltage source 38. (R, and R, are illustrated in
FIG. 7B.)

In addition to the foregoing touch screens, the closest prior
art is believed to also include U.S. Pat. Nos. 6,246,394 and
7,215,330. U.S. Pat. No. 6,246,394 “Touch screen Measure-
ment Circuit and Method”, issued Jun. 12, 2001 to Kalthoff et
al., discloses a 4-wire touch screen digitizing system, and
presents a method that measures the x and y coordinates of a
touch location. U.S. Pat. No. 7,215,330 “Touch-Sensitive
Surface Which Is Also Sensitive to Pressure Levels”, issued
May 8, 2007 to Rantet, discloses a 4-wire touch screen that
includes orthogonal conductive tracks 6 and 8 connected to
resistive strips along edges of the two screens that make up the
touch-sensitive screen, such that the x and y coordinates and
the applied pressure can be measured. The method measures
the pressure or third or “z” coordinate of a touch point on a
4-wire resistive touch screen.

Touch screen users may occasionally bump a nearby article
that imparts mechanical vibration to a touch screen that can
cause the associated touch screen system to erroneously inter-
prettouch location or erroneously interpret the vibration as an
intentional touch. Also, users may inadvertently touch the
screen surface. If the touch screen and associated controller
have the capability of measuring the touch resistance between
the wiper layer and the resistive layer of the touch screen, then
a “sensitivity” threshold value can be established which pre-
vents erroneous touch interpretation due to mechanical vibra-
tion or light extraneous touches on the touch screen surface.
In some applications, for example, interpreting Chinese char-
acters being written on a touch screen or drawing of graphical
features, varying amounts of force/pressure applied to the
touch screen surface by a stylus can be interpreted as repre-
senting lines of varying width or darkness. Also, there are
applications in which the above-mentioned sensitivity thresh-
old value can be utilized to prevent electrical noise, such as
EMI (electro-magnetic interference), from causing touch
interpretation errors.

The prior 5-wire touch screen systems can only measure x-
and y-coordinates, lack any method for obtaining third-coor-
dinate or pressure data, and have limited capability for per-
forming certain functions, such as signature verification, in
which the pressure applied to provide a valid signature can be
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4

very significant. Without the pressure measurement of the
present invention for a 5-wire touch screen system, the 5-wire
touch screen system can generate only 2-dimensional coor-
dinates, and therefore supports only 2-dimensional applica-
tions on the touch screen surface.

Thus, there is an unmet need for a system that measures 3
touch point coordinate voltages developed in a touch screen
panel to represent x coordinates, y coordinates, and a touch
point contact resistance coordinate, respectively, between a
wiper layer and a resistive layer of a 5-wire touch screen.

There also is an unmet need for a system that measures 3
touch point coordinate voltages developed in a touch screen
panel to represent x coordinates, y coordinates, and a touch
point contact resistance coordinate between a wiper layer and
a resistive layer of a 5-wire touch screen, wherein the touch
point contact resistance is utilized to determine a touch point
contact pressure or force.

There also is an unmet need for a touch screen system
capable of providing improved signature verification by uti-
lizing the touch pressure contact resistance in a 5-wire touch
screen.

There also is an unmet need for a touch screen system
capable of providing touch intensity measurements by utiliz-
ing the touch point contact resistance on a S5-wire touch
screen.

There also is an unmet need for a touch screen system
capable of providing touch sensitivity measurements by uti-
lizing the touch point contact resistance on a 5-wire touch
screen, wherein EMI (electro-magnetic interference) from
the touch screen can be distinguished from real touches or
pressures.

There also is an unmet need for a touch screen system
capable of providing touch sensitivity measurements by uti-
lizing the touch point contact resistance in a 5-wire touch
screen. wherein touch point size information can be deter-
mined.

SUMMARY OF THE INVENTION

It is an object of the invention to provide a system that
measures 3 touch point coordinate voltages developed in a
S-wire touch screen panel to represent x coordinates, y coor-
dinates, and a touch point contact resistance coordinate,
respectively, between a wiper layer and a resistive layer.

Itis another object of the invention to provide a system that
measures 3 touch point coordinate voltages developed in a
S-wire touch screen panel to represent x coordinates, y coor-
dinates, and a touch point contact resistance, respectively,
between a wiper layer and a resistive layer, wherein the touch
point contact resistance is utilized to determine a touch point
contact pressure or force.

It is another object of the invention to provide a touch
screen system capable of providing improved signature veri-
fication by utilizing touch point contact resistance in a 5-wire
touch screen.

It is another object of the invention to provide touch sen-
sitivity measurements by utilizing touch point contact resis-
tance in a 5-wire touch screen.

It is another object of the invention to provide touch sen-
sitivity measurements by utilizing touch point contact resis-
tance in a S-wire touch screen, wherein EMI (electro-mag-
netic interference) from the touch screen can be distinguished
from real touches or pressures.

It is another object of the invention to provide touch sen-
sitivity measurement by utilizing touch point contact resis-
tance in a 5-wire touch screen, wherein touch point size can be
determined.
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Briefly described, and in accordance with one embodi-
ment, the present invention provides a 5-wire touch screen
system that includes a touch screen (10) including a wiper
(11) and a resistive layer (16) aligned with the wiper and first
(UL), second (UR), third (LR), and fourth (LL) resistive layer
contacts, wherein a touch on the screen presses a small por-
tion of the wiper against the resistive layer, producing a touch
resistance (R ;) between them at a touch point on the resistive
layer. The wiper and various contacts are selectively coupled
to first (V) and second (GND) reference voltages, respec-
tively, to generate an analog touch voltage (V) at the touch
point. The wiper and various contacts are selectively coupled
to an analog input (56) and a reference voltage input of an
ADC (48) for converting the touch voltage (V) to a digital
representation. Analog voltages (V) and (V) at the touch
point are converted to corresponding digital representations
by the ADC.

In one embodiment, the invention provides a 5-wire touch
screen system (40) including a 5-wire touch screen sensor
(10), a substantially transparent, substantially conductive
wiper layer (11), a substantially transparent resistive layer
(16) aligned with the wiper layer (11) wherein the resistive
layer (16) includes first (UL), second (UR), third (LL), and
fourth (LR) contact terminals, and a plurality of thin spacers
(22) separating the wiper layer (11) and the resistive layer
(16), wherein a touch on the wiper layer (11) presses a small
portion (31) of the wiper layer (11) against the resistive layer
(16) to form a resistive contact area (30) having a touch
resistance (R ;) between the wiper layer (11) and the resistive
layer (16), the touch resistance (R) being inversely propor-
tional to an intensity (P,,,,.,) of the touch. A controller (41)
coupled to the touch screen sensor (10) includes touch screen
driver circuitry (42) for selectively coupling the wiper layer
(11) and the various contact terminals (UL,UR,LR,LL) to
first (V) and second (GND) reference voltages, respec-
tively, to generate first (V) and second (V) analog touch
location voltages and an analog touch voltage (V) on the
resistive layer (16) at the resistive contact area (30). Analog to
digital conversion circuitry (48) has an input (56) coupled to
the touch screen driver circuitry (42). Multiplexing circuitry
(44) in the controller (41) selectively couples the wiper layer
(11) and various contact terminals (UL,UR,LR,LL) to the
input (56) of the analog to digital conversion circuitry (48) so
as cause it to convert the first (V) and second (V) analog
touch location voltages and the analog touch voltage (V) to
digital representations (60) thereof, respectively.

In one embodiment, the first (UL), second (UR), third
(LR), and fourth (LL) contact terminals are corner contact
terminals. The touch screen driver circuitry (42) couples the
second (UR) and third (LR) contact terminals to the first
reference voltage (V ), the first (UL) and fourth (ILL) con-
tact terminals to the second reference voltage (GND), and the
wiper layer (11) to the input (56) of the analog to digital
conversion circuitry (48) so as to produce an analog x-coor-
dinate voltage (V) on the input (56) of the analog to digital
conversion circuitry (48). The touch screen driver circuitry
(42) couples the first (UL) and second (UR) contact terminals
to the first reference voltage (V) the third (LR) and fourth
(LL) contact terminals to the second reference voltage
(GND), and the wiper layer (11) to the input (56) of the analog
to digital conversion circuitry (48) to produce an analog y-co-
ordinate voltage (V) on the input (56) of the analog to digital
conversion circuitry (48). The touch screen driver circuitry
(42) couples the wiper layer (11) to the first reference voltage
(Vpp)s the third (LR) and fourth (LL) contact terminals to the
second reference voltage (GND), and the first (UL) and sec-
ond (UR) contact terminals to the input (56) of the analog to
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6

digital conversion circuitry (48) to produce the analog touch
voltage (V) as an analog z-coordinate voltage (V) on the
input (56) of the analog to digital conversion circuitry (48).

In a described embodiment, a digital output of the control-
ler (41) is coupled by means of at least a digital bus (64) to a
host processor (66), wherein the host processor (66) com-
putes a value of the touch resistance (R ) which corresponds
to the analog y-coordinate voltage (V,), the analog z-coordi-
nate voltage (V), and a predetermined value of a touch
screen resistance (R;). The host processor (66) computes a
value of the touch intensity (P,,,,.,) from the value of the
touch resistance (R) based on a predetermined relationship
between the touch resistance (R,) and the touch intensity
Py

In a described embodiment, the analog to digital conver-
sion circuitry (48) converts the analog x-coordinate voltage
(V) to a digital x-coordinate location number representative
of an x-coordinate of the resistive contact area (30). The
analog to digital conversion circuitry (48) also converts the
analog y-coordinate voltage (V) to a digital y-coordinate
location number representative of a y-coordinate of the resis-
tive contact area (30). The analog to digital conversion cir-
cuitry (48) also converts the analog z-coordinate voltage (V)
to a z-coordinate location number representative of the touch
resistance (R,) on the contact area (30).

In a described embodiment, the host processor (66) con-
verts the digital x-coordinate location number to a digital
x-coordinate voltage value (V) and converts the digital y-co-
ordinate location number to a digital y-coordinate voltage
value (V). The host processor (66) converts the digital z-co-
ordinate location number to a digital z-coordinate voltage
value (V) and also converts the digital z-coordinate voltage
value (V) to a digital value of the touch resistance (R ). The
host processor (66) computes a value of the touch intensity
(P,,,.r,) based on the digital value of the touch resistance (R ).

In a described embodiment, the touch screen driver cir-
cuitry (42) includes first (Q1), second (Q2), third (Q3) and
fourth (Q5) P-channel switching transistors having sources
coupled to the first reference voltage (V) and drains
coupled to the wiper layer (11), the second contact terminal
(UR), the third contact terminal (LR), and the first contact
terminal (UL), respectively. Fifth (Q4) and sixth (Q6)
N-channel switching transistors have sources coupled to the
second reference voltage (GND) and drains coupled to the
third contact terminal (LR) and the fourth contact terminal
(LL), respectively. The gates of the first, second, third, fourth,
fifth, and sixth switching transistors are coupled to a touch
screen driver control circuit (68) for controlling operation of
the touch screen driver circuitry (42) to measure the analog
x-coordinate voltage (V), the analog y-coordinate voltage
(Vy), and the analog z-coordinate voltage (V). In a described
embodiment, a pre-processing circuit (50) is coupled
between an output (60) of the analog to digital conversion
circuitry (48) and the digital bus (64) to perform filtering of
digital signals on the output (60) of the analog to digital
conversion circuitry (48).

In one embodiment, the invention provides a method for
operating a 5-wire touch screen system (40), including pro-
viding a 5-wire touch screen sensor (10) that includes a wiper
layer (11) and a resistive layer (16) aligned with the wiper
layer (11) and also includes first (UL), second (UR), third
(LR), and fourth (LLL) contact terminals, wherein a touch on
the wiper layer (11) presses a small portion (31) of the wiper
layer (11) against the resistive layer (16) thereby causing or
substantially changing a touch resistance (R,) between a
contactarea (31) of the wiper layer (11) and a resistive contact
area (30) of the resistive layer (16), the touch resistance (R,)
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being inversely proportional to an intensity (P,,,.;) of the
touch; selectively coupling the wiper layer (11) and various
contact terminals (UL,UR,LR,LL) to first (V) and second
(GND) reference voltages, respectively, to generate an analog
touch voltage (V) on the resistive layer (16) at the resistive
contact area (30), the analog touch voltage (V) being a
function of the touch resistance (R ,); and selectively coupling
the wiper layer (11) and various contact terminals (UL,UR,
LR,LL) to an input (56) of analog to digital conversion cir-
cuitry (48) and converting the analog touch voltage (V) to a
digital representation (60) thereof by means of the analog to
digital conversion circuitry (48).

In one embodiment, the method includes coupling the first
(UL) and second (UR) contact terminals to the first reference
voltage (Vp), coupling the fourth (LL) and third (LR) con-
tact terminals to the second reference voltage (GND), and
coupling the wiper layer (11) to the input (56) of the analog to
digital conversion circuitry (48) to produce an analog y-co-
ordinate voltage (V) on the input (56) of the analog to digital
conversion circuitry (48); coupling the second (UR) and third
(LR) contact terminals to the first reference voltage (Vp),
coupling the first (UL) and fourth (LL) contact terminals to
the second reference voltage (GND), and coupling the wiper
layer (11) to the input (56) of the analog to digital conversion
circuitry (48) to produce an analog x-coordinate voltage (V)
on the input (56) of the analog to digital conversion circuitry
(48); and coupling the third (LR) and fourth (LL) contact
terminals to the second reference voltage (GND), coupling
the wiper layer (11) to the first reference voltage (V,5); and
coupling the first (UL) and second (UR) contact terminals to
the input (56) of the analog to digital conversion circuitry (48)
to produce the analog touch voltage (V) as an analog z-co-
ordinate voltage (V) on the input (56) of the analog to digital
conversion circuitry (48).

In one embodiment, the method includes coupling an out-
put (60) of the analog to digital conversion circuitry (48) by
means of at least a digital bus (64) to a host processor (66),
and operating the host processor (66) to compute a value of
the touch resistance (R,) which corresponds to the analog
y-coordinate voltage (V ), the analog z-coordinate (V ), and
a predetermined value of a touch screen resistance (R).

In one embodiment, the method includes operating the
analog to digital conversion circuitry (48) to convert the ana-
log x-coordinate voltage (V) to a digital x-coordinate loca-
tion number representative of an x-coordinate of the resistive
contact area (30), to convert the analog y-coordinate voltage
(V) to a digital y-coordinate location number representative
of a y-coordinate of the resistive contact area (30), and to
convert the analog z-coordinate voltage (V) to a digital y-co-
ordinate location number representative of a z-coordinate of
the resistive contact area (30), wherein the host processor (66)
computes the value of the touch resistance (R ;) on the basis of
the z-coordinate location numbers. In one embodiment, the
host processor (66) computes a value of the touch intensity
(P,,..c,) from the value of the touch resistance (R,) based on
a predetermined relationship between the touch resistance
(R,) and the touch intensity (P,,,,.;,)-

In one embodiment, the invention provides a 5-wire touch
screen system (40) including a 5-wire touch screen sensor
(10) that includes a wiper layer (11) and a resistive layer (16)
aligned with the wiper layer (11) and includes first (UL),
second (UR), third (LR), and fourth (LL) contact terminals,
wherein a touch on the wiper layer (11) presses a small
portion of the wiper layer (11) against the resistive layer (16)
to produce a touch resistance (R ;) between a contact area (31)
of'the wiper layer (11) and a resistive contact area (30) of the
resistive layer (16), the touch resistance (R) being inversely
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proportional to an intensity (P,,,,,) of the touch; means (42)
for selectively coupling the wiper layer (11) and various
contact terminals (UL,UR,LLR,LL) to first (V) and second
(GND) reference voltages, respectively, to generate an analog
touch voltage (V) on the resistive layer (16) at the resistive
contact area (30), the analog touch voltage (V) being a
function of the touch resistance (R,); and means (44) for
selectively coupling the wiper layer (11) to various contact
terminals (UL, UR,LR,LL)to an input (56) of analog to digital
conversion means (48) for converting the analog touch volt-
age (V) to a digital representation (60) thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exploded isometric diagram of a conventional
5-wire resistive touch screen.

FIG. 2 is a section view of a conventional 5-wire resistive
touch screen of FIG. 1.

FIG. 3 is a diagram illustrating an equivalent circuit of a
conventional 5-wire resistive touch screen as shown in FIGS.
1 and 2.

FIG. 4 is a diagram illustrating an equivalent circuit of a
conventional 5-wire resistive touch screen as shown in FIGS.
1 and 2, where the touch point contact resistance R, is dis-
played.

FIG. 5 is a diagram illustrating an equivalent of a conven-
tional 5-wire resistive touch screen as shown in FIG. 4,
wherein wiper resistance is indicated.

FIG. 6A is a diagram of an equivalent circuit useful in
explaining in the measurement of the y-coordinate of a touch
for the conventional 5-wire resistive touch screens depicted in
FIGS. 1-5.

FIG. 6B is a diagram of an equivalent circuit useful in
explaining the measurement of the x-coordinate of a touch for
the conventional 5-wire resistive touch screens depicted in
FIGS. 1-5.

FIG. 7A is a diagram of an equivalent circuit, in which the
wiper resistance is assumed to be zero that is useful in
explaining the measurement of a z-coordinate representative
of touch pressure applied to the touch point of the idealized
S-wire resistive touch screens depicted in FIGS. 1-4 as a
function of y-coordinate parameters.

FIG. 7B is a diagram of an equivalent circuit, in which the
wiper resistance is assumed to be zero, as in FIG. 4, that is
useful in explaining the measurement of a z-coordinate rep-
resentative of touch pressure applied to the touch point of the
ideal 5-wire resistive touch screens depicted in FIGS. 1-4, as
a function of x-coordinate parameters.

FIG. 8A is adiagram of a more simplified equivalent circuit
representation of the circuit shown in FIG. 7A.

FIG. 8B is a diagram of a more simplified equivalent circuit
representation of the circuit shown in FIG. 7B.

FIG. 9 is a diagram of an equivalent circuit as in FIG. 8A
that further includes the effects of wiper resistance as in FI1G.
5 and is useful in explaining the measurement of a z-coordi-
nate representative of touch pressure applied to the touch
point of the conventional 5-wire resistive touch screens
depicted in FIGS. 1-5.

FIG. 10 is a block diagram of a touch screen system in
which the touch pressure contact area resistance measuring
method and touch pressure measuring method of the present
invention are implemented.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIGS. 7A and 7B show an equivalent circuit of a touch
screen 10 (FIG. 1) on which a touch pressure has been applied
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on a small area 31 of wiper layer 11, thereby pressing it
against the surface of top layer 12 to thereby form a resistive
touch pressure contact area 30 on resistive layer 16. Touch
pressure contact areas 30 and 31 result in a contact resistance
R (or a very substantial change in the contact resistance R )
between wiper 11 and resistive layer 16. Dashed line 33
surrounds the touch pressure contact area resistance R, as
diagrammatically illustrated in FIGS. 7A and 7B. Resistive
layer 16 (also see FIG. 2) is represented as a rectangular grid
of discrete resistors with terminals UL, UR, LL, and LR in its
upper left, upper right, lower left, and lower right corners
corresponding to conductive pads 15-1, 15-2, 15-4, and 15-3,
respectively, as shown in the exploded view in prior Art FIG.
1.

Pressure contact area resistance R, is connected in series
between resistive layer 16 and wiper 11. The (+) terminal of
a reference voltage source 38 produces a voltage V.,
between the contact terminal 35 of wiper 11 and conductor 28
as shown in FIG. 7A or between the contact terminal 35 of
wiper 11 and conductor 27 as shown in FIG. 7B. In this case,
the wiper resistance (R inFIGS. 5and9)is assumed to be
Zero.

FIG. 7A shows that a resistance R, of resistive layer 16
between conductors 26 and 28 is equal to the sum of R, and
R,-, where R, is the resistance in resistive layer 16 between
conductor 26 and touch pressure contactarea 30 and R ;, is the
resistance between touch pressure contact area 30 and con-
ductor 28.

The simplified equivalent circuit of FIG. 8A illustrates
more clearly than FIG. 7A the coupling of conductor 26
through resistance Ry, to touch pressure contact area 30.
Touch pressure contact area 30 is coupled by the resistance
R, to conductor 28. The resistance R, between contact areas
30 and 31 (which is surrounded by dashed line 33 in FIGS. 7A
and 7B) is the contact resistance between resistive layer 16
and wiper layer 11. To measure the touch pressure contact
resistance R, of 5-wire resistive touch screen 10 (see FIGS. 1
and 2), V, is applied between contact terminal 35 of wiper
11 and conductor 28 (see FIGS. 7A and 8A). The touch
pressure voltage V,_ at the location of touch pressure contact
area 30 against resistive layer 16 is the voltage across resis-
tance R;,. The voltage on conductor 26 is equal to V,
because the current through resistance R, is zero, because
conductor 26 is electrically “floating”.

Consequently, touch resistance R, can be determined by
measuring the value of touch pressure voltage V- measured
between conductors 26 and 28. (Note that by definition, pres-
sure is equal to force per unit area, and that the description of
the invention herein is applicable irrespective of whether the
intensity of the touch is expressed as a force or as a pressure.)
Note that V,  is the voltage produced by the voltage divider
composed of the resistances R, and R, and can be repre-
sented by Equation 3:

Wiper

Ry2
(Rz + Ry2)

Eq. 3

Vzy = [ ]X Vpp.

To solve for the touch pressure contact R, Equation 3 can be
rewritten as Equation 4:

(Vop —Vz_y)
Vzy

Eq. 4

Rz = ]XRyz-
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10
Replacing R ;- in Equation 4 with Equation 2 results in Equa-
tion S5A:

Eq. 5A

Thus, the present touch resistance R, is a function of the
previously known values of V,,, and Ry, and the presently
measured values of V, yand V.

Similarly, to measure touch pressure contact resistance R,
of'the 5-wire resistive touch screen 10 (see FIGS. 1 and 2), the
voltage V,, is applied between the contact terminal 35 of
wiper 11 and conductor 27 (see FIGS. 7B and 8B). The
simplified equivalent circuit of FIG. 8B illustrates more
clearly than FIG. 7B the coupling of conductor 29 through
resistance Ry, to touch pressure contact area 30. The touch
pressure voltage V , . atthe location of touch pressure contact
area 30 against resistive layer 16 is the voltage across resis-
tance R . The voltage produced by the voltage divider com-
posed of the resistances R ,and R, and, with equations simi-
lar to Equation 4 and Equation 5, touch pressure contact
resistance to V- can also be expressed in Equation 5B:

Vx Vbp

Eq. 5B
%) (szx ’

Rz =

—1)><RX.

To measure R_, users can apply Equation SA or 5B, or
average the results from both of Equations SA and 5B. To
simplify further discussion, only Equation 5A will be used.

FIG. 9 is a simplified equivalent circuit that is the same as
the one shown in FIG. 8A except that FIG. 9 further includes
the resistance Ry, of wiper 11, where Ry, includes all
resistances of wiper layer 11, including any other equivalent
connection and/or wiring resistances that are coupled
between touch pressure contact area 31 and the (+) terminal of
voltage source 38. In many cases, the resistance Ry,
between R, and the (+) terminal of voltage source 38 can be
quite significant, due to the resistance of the resistive ITO
layer of which wiper layer 11 is composed (see FIG. 4) and
any connection/wiring resistances between the contact termi-
nal 35 of wiper 11 and the (+) terminal of voltage source 38.
When the total resistance Ry, . associated with wiper 11 is
considered, Equation SA becomes Equation 6:

Vy
Vbp

(22— 1)xRy. Fo- 0

Rz + Rwiper = ( Voy

The touch resistance R, between the top wiper layer 11 and
bottom resistive layer 16 is a function of the touch intensity
(e.g., touch pressure or touch force), and therefore can be used
to compute the touch intensity P, ,. The touch intensity
applied against any location on the surface of a 5-wire resis-
tive touch screen is inversely proportional to the touch inten-
sity contact resistance R, so a heavier touch reduces R, and
a lighter touch increases R, under the exact same conditions
that determine the relationship between R, and P, ;. As a
general matter, the touch intensity P,_,, , ontouch screen 10 is
a function of R, and can be expressed in the polynomial
form:

P, =a0+alxRA@XRA+a3xRA+ . . ., Eq.7
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where the coefficients a0, al, a2, a3, and so on are real values.
The coeficients in Equation 7 are different for different touch
screens. The resolution or accuracy of measuring the touch
pressure contact resistance R, resulting from touching a state-
of-the-art touch screen is usually quite low, and there is usu-
ally no need to use more than about 4 or 5 terms of Equation
7 to be able to calculate an acceptably accurate value of touch
intensity P, . The functional relationship between touch
resistance R, for any particular touch screen can be deter-
mined by a suitable calibration procedure. As a simplified
example, Equation 7 may be approximated by the expression

Eq. 8
Prowen = Py

where the coefficients o and j are positive real values, are
determined by the touch panel structure and materials, and
can be easily obtained by the user by means of a calibration to
determine the relationship between P, ,,, and R,.

Because the total resistance Ry, associated with wiper is
aconstant at any single touch point, the touch intensity can be
derived from Equation 8 by substituting R, from Equation 6
and expressed by Equation 9:

1 Eq 9

Prowch =
| Vi
o+ fBx [(—y)x(ﬂ - 1)><Ry - RW;pg,]

Vop Vz-y
1

ix(

Vop

_1)

Vv,
@+ X Riiper + BX Ry X ﬂ—1)
Vz-y

1

o' + X Ry X Yy ><(
Y X ——
Vbp

Vbp

Vz-y
1
T o'+ BXR;

where a'=0—fxRy;,,, is a constant at any fixed point on a
S-wire resistive touch screen. Utilizing this methodology pro-
vided by the circuit in FIG. 9, the touch resistance at any
location on a 5-wire resistive touch screen can be measured in
terms of R,. R, can be obtained from Equation SA and/or 5B,
or Equation 6 when considering the screen resistance of wiper
layer 11.

Comparing Equation 9 (where Ry, is considered, as
shown in FIG. 9) with Equation 8 (where Ry; . is not con-
sidered, as in FIGS. 8A and 8B), the expression of the rela-
tionship between R ;and P, ,,.;, is the same at every touch area
on a 5-wire restive touch screen.

FIG. 10 shows a touch screen system 40 which includes
touch screen 10 coupled to a touch screen controller 41 that
can interface with a host processor 66. Touch screen system
40 provides digital representations of measured values of the
Vi Vs and V, (ie., V. yor V, 3) voltages expressed in the
foregoing equations. Or alternatively and often preferably,
touch screen system 40 can provide digital x, y, and z “coor-
dinate values” representative of the measured values of the
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Vi, Vs and V, voltages, which completely indicate a three-
dimensional touch location on touch screen 10.

There are 5 analog signals coupled between touch screen
controller 41 and touch screen 10. Touch screen controller 41
is connected to contact terminal 35 of wiper 11 of touch
screen 10. Touch screen controller 41 also is connected to
terminals UL, UR, LR, and LL of touch screen 10. Terminals
UL, UR, LR, and L.LL and contact terminal 35 of wiper 11 are
connected to touch screen driver circuitry 42 inside touch
screen controller 41, and are further connected to the inputs of
amultiplexer 44 of touch screen controller 41. Multiplexer 44
determines which of these conductors are multiplexed to the
input 56 of an ADC (analog to digital converter) 48 which
converts V, V., and V, to digital touch data. After prepro-
cessing circuit 50 (which, for example, can perform noise
filtering), digital touch data is sent to host processor 66
through a conventional digital interface control circuit 54 and
a digital bus 64.

Wiper 11 is connected by contact terminal 35 to the drain of
a P-channel switching transistor Q1 having its source con-
nected to Vp,p. Vo also is connected to the sources of
P-channel switching transistors Q2, Q3, and Q5. The drains
of transistors Q2, Q3 and Q5 are connected to UR terminal
15-2, LR terminal 15-3, and UL terminal 15-1, respectively.
The sources of N-channel switching transistors Q4 and Q6
are connected to ground. The drain of transistor Q4 is con-
nected to LR terminal 15-3, and the drain of transistor Q6 is
connected to UL terminal 15-1. The gates of transistors
Q1,2 ... 6 are connected to a driver controller circuit 68 of
touch screen driver 42, which can be controlled according to
either simple logic circuitry or according to appropriate con-
trol signals or commands from host processor 66.

Touch screen system 40 can be considered to include touch
screen 10, touch screen controller 41, and a portion of host
processor 66. A portion 66 A of host processor 66 which can
be considered to be part of touch screen system 40 is the
portion that communicates with touch screen controller 41
through digital interface control circuit 54 and touch detector
46. Portion 66A can be considered to include software that
performs the above described calculations associated with
touch screen controller 41 and software that is associated with
operation of touch screen driver 42. Portion 66A of host
processor 66 also can be considered to include software and
hardware that is associated with storing data associated with
touch screen 10 and communicating the data to application
software elsewhere in host processor 66.

The switch transistors in driver controller 68 can be easily
controlled by various circuitry, such as a simple state
machine, that implements subsequently described Table 1.
Driver controller 68 can receive a command from host pro-
cessor 66 via conductor or bus 65 and digital interface control
circuit 54.

Multiplexer 44 multiplexes the 5 signals on conductors 35,
15-1, 15-2, 15-3 and 15-4 from touch screen 10 to generate
reference voltages V" and V..~ and also generate an
analog input signal on input conductor 56 of ADC 48. (PE-
NIRQ is an interrupt output from a touch detector circuit 46
having an input connected to wiper contact terminal 35, and
indicates if a touch on touch screen 10 has been detected.)

Table 1 shows the states of the various transistors (or
switches) Q1-6 and the connections of the various terminals
of resistive layer 16 and wiper 11 (i.e., the analog inputs to
multiplexer 44) and the voltage reference signals and the
analog signal to ADC 48 that are output from multiplexer 44
during operation of touch screen controller 40 to measure V4,
Vyand V.
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TABLE 1
Measuring V- Measuring Vy Measuring V.
ON OFF ON OFF ON OFF
Input to Multiplexer 44
Wiper: --> Q1 Q1 Q1
UR: --> Q2 Q2 Q2
LR: > Q3 Q4 Q4 Q3 Q4 Q3
UL: --> Q6 Q3 Q3 Q6 Q3,Q6
LL:--> always connected to GND
Output from Multiplexer 44

ADC Wiper contact 35  wiper contact 35 UL/UR
input 56: -->
Veer' > UR/LR UL/UR Wiper contact 35
Vagr 1> UL/LL LR/LL LR/LL

ADC (analog to digital converter) 48 converts the mea-
sured analog voltages V, V;, and V, on conductor 56 to a
digital value on digital bus 60 in accordance with the various
conditions indicated in Table 1.

As previously indicated, wiper contact 35 is selectively
coupled to V,, through Q1, and UR is selectively coupled to
Vp through Q2. LR is selectively coupled to V,,, through
Q3 and to ground through Q4. UL is selectively coupled to
V pp through Q5 and to ground through Q6.

Referring to Table 1, to measure V, Q1 is off, so wiper
contact 35 is coupled through multiplexer 44 to ADC input
56. Q2 is on, so UR is coupled to V5. Q3 is on, so LR is
coupled to V. Q3 and Q4 cannot both be on at the same
time, and Q3 is on, so Q4 is off. Q5 is off and Q6 is on, which
means UL and LL both are coupled to ground while UR and
LR both are coupled to V.. Q2 and Q3 both are on UR and
LR both are at V,,. Wiper contact 35 is electrically floating
because Q1 is off. UL is at ground because Q6 is on, and LL
is always at ground. The V,..* reference voltage input of
ADC 48 is connected to UL and LR, which results in a voltage
nearly equal to V ,, being coupled to the V" input of ADC
48. The V. reference voltage input of ADC 48 is con-
nected to UL and LL, which results in a voltage nearly equal
to ground being connected to the V.~ reference voltage
input of ADC 48. See FIG. 6B.

To measure V4, Q1 is off, so wiper contact 35 is coupled
through multiplexer 44 to ADC input 56. Q2 is on, so UR is
coupled to V5. Q4 is on, so LR is coupled to GND. Q3 and
Q4 cannot both be on at the same time, and Q4 is on, so Q3 is
off. Q5 is on and Q6 is off, which means LR and LL both are
coupled to ground while UR and UL both are coupled to V.
Since Q2 and Q4 are on, UR and UL both are at V,,. Wiper
contact 35 is electrically floating because Q1 is off. LR is at
ground because Q5 is on, and LL is always at ground. The
Vizr reference voltage input of ADC 48 is connected to UL
and UR, which results in a voltage nearly equal to V,, being
coupled to the V" input of ADC 48. The V. reference
voltage input of ADC 48 is connected to the LR and LL,
which results in a voltage nearly equal to ground being con-
nected to the V.~ reference voltage input of ADC 48. See
FIG. 6A.

To measure V, Q1 is on so wiper contact 35 is connected
to V. Q2 is off so UR is electrically floating. Q3 is off and
Q4 is on, so LR is at ground. Q5 and Q6 both are oft so UL is
electrically floating. L.L is at ground. The input of the analog
to digital conversion circuitry is connected to UL and UR.
The V" reference voltage input of ADC 48 is connected to
wiper contact 35. The V.~ reference voltage input of ADC
48 is connected to LR and LL. See FIGS. 7A and 8A.
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The digital output generated on digital bus 60 by ADC 48
is provided as an input to a pre-processing circuit 50, which
can function as a digital averaging filter to reduce noise before
sending the measured quantity to host processor 66. Pre-
processing circuit 50 also can perform various other func-
tions, such as data validation. The output of pre-processing
circuit 50 is coupled by digital bus 62 to a digital interface
control circuit 54, which is coupled by means of bidirectional
digital bus 64 to host processor 66.

Touch screen 10 and touch driver 42 produce values of
analog voltages V4, Vy, and V  to the input 56 of ADC 48.V 4,
V5, and V, represent three-dimensional touch position coor-
dinates on touch screen 10, namely V,, V;, and V, as
expressed by Equations 1 to 3, respectively. Typically, the
digitized values of V4, V;, and V, produced by ADC 48
actually are digital x, y, and z coordinate location numbers,
e.g. 2046, 4096 or the like corresponding to each of the analog
values of V4, V5, and V, produced by multiplexer 44 on the
input 56 of ADC 48. ADC 48 performs the conversions of the
analog values of V,, V,, and V, to the digital x, y, and z
coordinate location numbers and provides them to host pro-
cessor 66 via preprocessing circuit 50 and digital interface
control 54. Host processor 66 presents, applies, and/or inter-
prets the data for specific user applications.

Thus, the digital representations of V,, V4, and V, (i.e.,
V. yor V) for the current touch on touch screen 10, for
example, digital X, y, and z touch screen coordinate location
number representations of the analog voltages V,, V,, and
V , are provided by the controller 41 to host processor 66. If
directly digitized representations of the measured analog
voltages V, V;, and V, are provided by driver 42, then host
processor 66 then can use that information to locate the touch
position corresponding to V, and V,, compute values of R,
and further compute the value of P, ;. Host processor 66
then can use those values for the present user application or
purpose.

Host processor 66 might then use the value of R, to elimi-
nate system noise and/or improve the accuracy of the touch
point information in other ways. For example, the z coordi-
nate information may help determine whether what appears
to be a very light pressure touch point is actually just due to
vibration.

The relationship between touch point resistance R, and
touch pressure or intensity P,,,,., may be complex, and vari-
ous users may use host processor 66 to execute various algo-
rithms to compute the touch pressure or intensity P,,,,.,, on the
basis of the digital representations of V4, V, and V, gener-
ated by touch screen system 40 shown in FIG. 10. Host
processor 66 can be used to establish/calibrate the relation-
ship between P, ,,_, and R, for any particular touch screen 10
and compute the touch pressure or intensity P,,,., being
applied to wiper layer 11 on the basis of values of V,, V., and
V, generated by touch screen system 40.

It should be appreciated that the present invention is
believed to provide the first S-wire touch screen system that
generates measurements from which a third dimensional
coordinate value R, can be obtained at any point on a 5-wire
touch screen and touch point pressure can be computed, and
thereby enables the host processor to perform more functions
with more accuracy than previously has been possible using
S-wire touch screen systems. This can be very useful in some
applications, such as graphic drawing, determining line or dot
size, signature verification, in which the touch intensity
applied to provide a valid signature can be very significant.
With the intensity/z-coordinate technique of the present
invention, the touch screen system can generate 3-dimen-
sional coordinates and therefore supports “3-dimensional” or
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“real-world” applications. In general, information regarding
how much touch intensity is applied to the touch screen can
help improve the overall performance of the touch screen
system.

While the invention has been described with reference to
several particular embodiments thereof, those skilled in the
art will be able to make various modifications to the described
embodiments of the invention without departing from its true
spirit and scope. It is intended that all elements or steps which
are insubstantially different from those recited in the claims
but perform substantially the same functions, respectively, in
substantially the same way to achieve the same result as what
is claimed are within the scope of the invention. For example,
in addition to using the above mentioned state machine to
implement driver controller 68, there are other ways of con-
trolling touch screen driver 42. Driver controller 68 could be
implemented by means of logic circuitry other than a state
machine. Host processor 66 may initiate operation of driver
controller 68 so as to cause operation of touch screen driver 42
in accordance with Table 1. Driver controller 68 itself could
be programmable so as to cause touch screen driver 42 to
automatically operate as desired to measure V,, V,and V. if
a touching on the touch screen surface is detected. Alterna-
tively, the preprocessing circuitry 50 could be configured to
control driver controller 68 in response to a valid touch on the
surface of touch screen 10.

What is claimed is:
1. A system for operating a 5-wire touch screen system,
comprising:

means for providing a S-wire touch screen sensor including
a wiper layer and a resistive layer aligned with the wiper
layer and including first, second, third, and fourth con-
tact terminals, wherein a touch on the wiper layer
presses a small portion of the wiper layer against the
resistive layer to change a touch resistance between a
contact area of the wiper layer and a resistive contact
area of the resistive layer, the touch resistance being
inversely proportional to an intensity of the touch;

means for selectively coupling the wiper layer and various
contact terminals to first and second reference voltages,
respectively, to generate an analog touch voltage on the
resistive layer at the resistive contact area, the analog
touch voltage being a function of the touch resistance;
and

means for selectively coupling the wiper layer and the
various contact terminals to an input of analog to digital
conversion circuitry and converting the analog touch
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voltage to a digital representation thereof by means of
the analog to digital conversion circuitry.

2. The system of claim 1 including means for coupling the
first and second contact terminals to the first reference volt-
age, means for coupling the fourth and third contact terminals
to the second reference voltage, and means for coupling the
wiper layer to the input of the analog to digital conversion
circuitry to produce an analog y-coordinate voltage on the
input of the analog to digital conversion circuitry,

the system also including means for coupling the second

and third contact terminals to the first reference voltage,
means for coupling the first and fourth contact terminals
to the second reference voltage, and means for coupling
the wiper layer to the input of the analog to digital
conversion circuitry to produce an analog x-coordinate
voltage on the input of the analog to digital conversion
circuitry, the system also including means for coupling
the third and fourth contact terminals to the second ref-
erence voltage coupling the wiper layer to the first ref-
erence voltage, and means for coupling the first and
second contact terminals to the input of the analog to
digital conversion circuitry to produce the analog touch
voltage as an analog z-coordinate voltage on the input of
the analog to digital conversion circuitry.

3. The system of claim 2 including means for coupling an
output of the analog to digital conversion circuitry by means
of at least a digital bus to a host processor, and means for
operating the host processor to compute a value of the touch
resistance which corresponds to the analog y-coordinate volt-
age, the analog z-coordinate, and a predetermined value of a
touch screen resistance.

4. The system of claim 3 including means for operating the
analog to digital conversion circuitry to convert the analog
x-coordinate voltage to a digital x-coordinate location num-
ber representative of an x-coordinate of the resistive contact
area, to convert the analog y-coordinate voltage to a digital
y-coordinate location number representative of a y-coordi-
nate of the resistive contact area, and to convert the analog
z-coordinate voltage to a digital y-coordinate location num-
ber representative of a z-coordinate of the resistive contact
area, and wherein the host processor computes the value of
the touch resistance on the basis of the z-coordinate location
numbers.

5. The system of claim 4 wherein the host processor com-
putes a value of the touch intensity from the value of the touch
resistance based on a predetermined relationship between the
touch resistance and the touch intensity.
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